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PHYSIOLOGICAL EFFECTS OF AN 8-WEEK MECHANICALLY AIDED
RESISTANCE FACIAL EXERCISE PROGRAM
Pascal H.H.M. van Lieshout, Arpita Bose, & Aravind K Namasivayam
ABSTRACT
This paper describes a study that for the first time addresses the physiological effects of an 8week mechanically aided facial exercise program, using the Facial-Flex device (Facial
Concepts, Inc., Blue Bell, PA) with four healthy individuals with no motor, speech, language, or
hearing problems. For a variety of non-speech and speech tasks, upper and lower lip muscle
activity (EMG) and upper and lower lip movements were recorded at two baseline sessions
(separated by 1 week) and immediately after an 8-week training period. The results indicate that
after the training period, all four subjects showed an increase in the number of task repetitions
and the duration of isometric contraction using the Facial-Flex device with a fixed resistance
(Linebaugh tests). However, with resped to physiological changes as related to the exercise
program, the results were mixed. Only one subjed showed the expected significant increase in
normalized EMG activity. This response was mirrored in a significant overall increase in
movement range and peak velocity after the 8-week training period. Regarding the other three
subjects, one subject showed no systematic training effect at all, whereas the remaining two
subjects showed a significant increase in movement duration. Non-speech and speech tasks
were found to be clearly different in their overall physiological characteristics; speech related
movements were found to be more clearly defined in terms of larger amplitudes, shorter
durations, higher peak velocities, and less variable movement cycles. The apparent discrepancy
between the results of the Linebaugh tests and the physiological measures on specific oromotor tasks warrants some caution in drawing conclusions on changes in the oro-motor system
based on general performance measures. Further studies with well-defined clinical populations
are needed to assess the usefulness of this device as an aid in the treatment of speech
disorders based on motor system impairments.

INTRODUCTION
In many speech and swallowing disorders
orofacial muscle strength and mobility is
compromised. Current practice in speech
therapy often involves different kinds of oromotor exercises using a variety of devices
(e.g., tongue depressors, straws) and
techniques. Systematic research into the
efficacy of such exercises for oro-motor
rehabilitation is lacking, but a recent sbJdy
by Robertson (2001), suggested that the
combination of a standardized clinic-based
program and home exercises was beneficial
to a group of patients suffering from
dysarthria following stroke.

The use of facial exercises to improve
muscle strength and other oro-motor
functions is a common approach in
Orofacial Myofunctional therapy or OMT
(Cooper, 1973; Deschenes, 1983; Garliner,
1975; Gaucher, 19TT; Hahn, 1991; Hanson,
1978; Hanson, 1988; Hockel, 1984;
Padovan, 1995; Palacioz & Shannon, 1986;
Paul-Brown & Clausen, 1999; Snow, 1983).
In the past decades, OMT has been applied
in a variety of settings, including
orthodontics and dentistry (Daglio,
Schwitzer, & Wuthrich, 1993; Gugino & Dus,
1998; Kondo & Aoba, 2000; Page, 1999;
Ruf & Pancherz, 1999; Sasaki & Shibasaki,
1994; Uner, Darendeliler, & Bilir, 1999;
Yamaguchi & Sebata, 1995); swallowing
disorders (Gommerman & Hodge, 1995;
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Reinicke, Obijou, & Trankmann, 1998); and
articulation problems (Bigenzahn ,
Fischman, & Mayrhofer-Krammel, 1992;
Christensen & Hanson, 1981; Gommerman
& Hodge, 1995; Landis, 1994). In many of
these studies, OMT was found to have a
positive impact, especially for non-speech
oro-motor functions. For speech tasks,
positive effects have been found when the
training involved articulators with specific
postural or myofunctional problems
(Bigenzahn et al., 1992; Christensen et al.,
1981; Umberger & Johnston, 1997).

Open mouth position
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potential to offer a more standardized way
of exercising weak facial muscles as
compared to the usual array of
strengthening exercises used in OMT and
similar approaches (Creed & Spiegel, n.d.).
The Facial-Flex is a lightweight mouthpiece
that provides external resistance to oral
movements; it was originally designed as a
prosthetic training aid for patients with
scarring and lip contracture due to orofacial
bums. The amount of resistance can be
changed using dental elastics of different

Closed mouth position

Facial-Flex® device

Figure 1. Picture of Facial-Flex device and the open and closed mouth position while in use (printed with
permission of Facial Concept, Inc.)

A lthough the studies mentioned above
provide some positive evidence for the use
of oro-motor exercises with speech
problems, the factors that influence their
effectiveness and the potential underlying
physiological mechanisms are not well
documented (cf. Robertson, 2001 ). Some of
the potential problems relate to the
motivation of patients to actually do the
exercises at home (Robertson, 2 001 ;
Zimmerman, 1988), and their interpretation
of the instructions on how to perform them.
With respect to the latter issue, mechanical
devices are often used to restrict the
degrees of freedom with respect to task
execution (e.g., see Ruscello, 1995, for a
discussion on the use of speech
appliances). In a similar vein, the Facial
Flex device (Facial Concepts Inc., Blue Bell,
Pa; Figure 1) was introduced as having the

strength w ith typical values of 4, 6, 8, and
14 ounces (oz.). The device is placed
horizontally between the upper lip and lower
lip, seated at the corners of the mouth. In
this position , the elastic is minimally
stretched (Figure 1, Open Mouth position).
Subsequently, the subject has to bring the
comers of the mouth together to form a
rounded shape with the lips, similar to an /u/
sound configuration (Figure 1, Closed
Mouth position). This position, at which the
elastic is maximally stretched, is held for a
short time (1-2 seconds) and gently
released.
Figure 2 shows the force output (in Newton)
required for a given amount of deflection in
centimeters (which equals the amount of
stretching) at a particular resistance, as
determined by the manufacturer of the
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dental elastics1 (Ultra Mold Corp., Yardley,
PA). At maximum deflection, there is a
distance of 5.5 cm between the comers of
the mouth; fully relaxed the distance is 7. 7
cm.
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upper lip tightness that occurs after lip
augmentation procedures.
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Figure 2. Amount of deflection (in cm) in dental elastic versus force output (in Newton) at various elastic resistance
values (4 - 16 oz.). (See text for more detaI1s)

To date, published data on the use of the
Facial Flex show improved facial skin
firmness and elasticity which, together with
improvements on performance tests using
the device (see next paragraph), are taken
as evidence for increased facial muscle
strength (Grove, Rimdzius, & Zerweck,
1994). The data from another study (Zide,
Bradley, & Longaker, 2000) suggest that the
use of the Facial Flex device could diminish
1

The data for the 16 ounce resistance were not

provided by the manufacturer, but are based on a
linear extrapolation of the data on the other
resistances.

Typically, information on changes in the oromotor system during and after the exercise
program is assessed indirectly through the
Linebaugh tests (Grove et al., 1994). The
first of these tests requires subjeds to
perform a maximal number of repetitions (in
two minutes). In the second test, they have
to maintain a position in which the dental
elastic is maximally stretched for as long as
possible (isometric contraction). The
assumption is that in doing better on both
tests, the subject demonstrates an increase
in muscle force output and resistance to
fatigue (Grove et al., 1994). However, to
our knowledge, the actual changes in
muscle activity that may underlie the
performance on the Linebaugh tests have
never been documented. This is one aspecl
of what the current study was set out to do.
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To this end, we used a similar approach as
described in Kuehn, Moon and Folkins
(1993) who looked at changes of levator
muscle electromyography (EMG) activity as
a function of intranasal air pressure. The
pressure was used as a continuous
resistance against velopharyngeal closure
to strengthen the muscles involved in this
activity. The results showed for speakers
with and without a cleft palate that levator
muscle activity increased with heightened
intranasal air pressure (Kuehn et al., 1993).
In a subsequent study (Kuehn & Moon,
1994), the authors demonstrated that
changes in EMG were specific to
velopharyngeal closure effort, and that
speech tasks require only a small amount of
force compared to a non-speech task as
blowing on a straw. Specific changes in
levator muscle activity as a function of
vowel loudness, which was used to induce a
generalized physical effort, were not found.
Although lip muscles are different from
muscles involved in velopharyngeal closing
(Barlow, 1999), we would argue that we can
apply the same principles in measuring task
specific changes in muscle activity as a
function of a strengthening exercise, in this
case using the Facial-Flex device. More in
general, the use of EMG seems appropriate
in the context of the present study for
several reasons.
First, surface EMG offers "easy access to
the physiological process that causes the
muscle to generate force, produce
movement and accomplish the essential
functions of everyday life" (p. 725,
Kollmitzer, Ebenbichler, & Kopf, 1999).
Second, surface EMG is commonly used in
evaluations of muscle function in both
normal and disordered speech (e.g.,
Forrest, Adams, McNeil, & Southwood,
1991; Kuehn et al., 1993; Van Lieshout,
Peters, Starkweather, & Hulstijn, 1993; see
also Luschei & Finnegan, 1997 for a
review). Third, it proved to be a useful
technique to evaluate the effects of
myofunctional therapy on lip function in a
non-speech task context (Schievano,
Rontani, & Berzin, 1999). Without making
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further claims on the interpretation of
surface EMG in terms of actual force
produced, we adhere to the statement that
in general ''the size of the EMG signal bears
a monotonic relationship to the degree by
which the muscle has been activated" (p.
152, Luschei & Finnegan, 1997). Obviously,
in some cases, in particular for facial
muscles, the surface EMG electrodes might
pick up activity from more than a single
muscle (Blair & Smith, 1986). However, this
is not a major issue, since our focus is not
on a specific muscle, but rather on the
combined muscle activity as related to a
specific task execution. Fatigue could be an
issue in the way it effects surface EMG
signals, but for the kind of tasks used in this
experiment, and in partirular for speech
tasks, this is not considered to be an
immediate problem (Kuehn, & Moon, 1994;
McHenry, Minton, Wilson, & Post, 1994).
Surface EMG can provide useful information
about the amount (and nature} of muscle
involvement, but it does not translate
directly in an adequate description of the
actual behavior of articulators. Therefore,
we also recorded the movements of upper
lip and lower lip before and after the training
period. The mechanical aided resistance
training requires subjects to execute lip
movements in a strictly symmetrical fashion
for 8 weeks, twice a day for about 1O
minutes each. How this influences the
nature of individual movements (duration,
amplitude range, peak velocities, variability}
and their coordination when embedded in
meaningful oro-motor tasks is unknown. For
example, Zanone and Kelso (1992) have
shown that with respect to bimanual
coordination, inherent differences between
established movement patterns and the new
patterns that have to be learned could
induce qualitative changes in the a-priori
existing coordinative patterns after training.
In ore-motor research, a useful distinction
that can be made with respect to potential
differences in lip movement patterns is
between speech and nonspeech tasks. This
distinction is based on earlier findings that
speech and nonspeech tasks put different

Volume XXVJJJ

International Journal ofOrofacial Mvology

demands on the oro-motor system (e.g.,
Kuehn, & Moon, 1994). If the inherent
movement characteristics of the Facial-Flex
exercise are incompatible with the existing
patterns found in either task category, this
should have an influence on the nature (and
stability) of lip coordination. Movement
characteristics are measured in terms of
movement amplitude, duration, peak
velocity, cyclic stability, and interlip
coordination. Obviously, we do not exped
our subjects to become unintelligible as a
result of training, but if systematic changes
do occur, they could provide important
information with ~spect to their relevance in
terms of treatment perspectives for clinical
populations with oro-motor limitations (cf.
Solomon, 2000).
To summarize, the main purpose.of this
study is to document physiological changes
for a variety of speech and non-speech
tasks as they occur in surface EMG lip
activity and articulatory movements after an
intensive 8-week training period using the
Facial-Flex. A second purpose is to
compare these findings to the more general
performance measures that are typically
used to measure the outcomes of this
exercise program. Such a comparison is
deemed relevant to assess whether
changes in general performance tasks using
the device can be generalized to
physiological changes in the articulators
when used in an unrelated context. To
establish preliminary reference data on
these training effects, we performed this
study using healthy young subjects.
Intelligibility scores for speech tasks are not
used, since none of the speakers had
speech problems, and perceptual measures
would not pick up any subtle changes in
motor execution that might occur as a result
of this training program. In general, a
regular exercise regime for a prolonged
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period should have a measurable effed on
lip muscles and their function, similar to the
effects of muscle strengthening exercises
that have been reported for velar (Kuehn,
Moon, & Folkins, 1993) and limb muscles
(Hartigan et al., 1989). It is expected that
the data from the present study can provide
preliminary information to clinicians and
users about the possibilities and limitations
of this exercise program in the rehabilitation
of muscle related oro-motor problems.

METHODS
Subjects
Four subjects, two males (M1: 39 years;
M2: 29 years) and two females (F1: 37
years; F2: 24 years), participated in this
study. The number is small but not atypical
for this type of study, mainly because
participation required a strong commitment
for a prolonged period of time and because
of the amount of physiological data that
needs to be processed and analyzed. None
of the subjects reported any history of
communication or swallowing problems and
all had university level education. Subjects
used Canadian English as their first
language and were paid $125 CAD upon
completion of the projed.

Tasks & Procedures
In the two sessions preceding the FacialFlex exercise program (Baseline 1 and
Baseline 2), as well as following the
completion of the program (Post), all
subjects performed a variety of speech and
non-speech oro-motor tasks as listed in
Table 1. These tasks are part of the EMMA
Speech Motor Assessment (ESMA)
protocol, commonly used in our lab to
measure speech motor function (see van
Lieshout & Moussa, 2000 for more details
on the protocol).
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#
1

2
3

4
5
6
7
8
9

10
11
12
13
14

15
16
17
18
19
20

21

TASKCODE
Non-speech
Non-speech
Non-speech
Non-speech
Non-speech
Non-speech
Non-speech
Speech
Speech
Speech
Speech
Speech
Speech
Speech
Speech
Speech
Speech
Speech
Speech
Speech
Speech

TASK NAME
COMP

FFT
STRAW
SONG
BLOW
STRETCH
CLENCH
TU
STEW
TOTI

PA
IP
IPA
PAP
PIPA
PAPITER
PIPAPTER
INIT

MIDDLE
FINAL

MIXED
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SHORT DESCRIPTION
Compress lips maximally for 1 sec and repeat for 15 sec
Perform Facial-Flex task using 16 oz. resistance for 15 sec
Keep straw straight between lips for 15 seconds
Whistle song ..Happy Birthday to you" for 15 seconds
Blow out (imaginary) candles repeatedly for 15 seconds
Compress and stretch lips in 1 sec cycle for 15 seconds
Close and open lips with clenched teeth for 15 seconds
Repeat the sequence [tu] for 15 seconds
Repeat the sequence [stuw] for 15 seconds
Repeat the sequence [totJJ for 15 seconds
Repeat the sequence [pa] for 15 seconds
Repeat the sequence [ip] for 15 seconds
Repeat the sequence ppa] for 15 seconds
Repeat the sequence [pAp] for 15 seconds
Repeat the sequence [pipa] for 15 seconds
Repeat the sequence [papit~] for 15 seconds
Repeat the sequence [pip□pt++r] for 15 seconds
Repeat "the peacetalks mark the minister's progress"
Repeat "the comments support the summit's response"
Repeat "the workshop forms the group's scholarship"
Repeat "the people prepare the program's papers"

Table 1. Overview of non-speech and speech tasks used in this study, based on the EMMA Speech Motor Assessment (ESMA)
protocol (van Ueshout and Moussa, 2000)

Each task was repeated for 15 seconds in a
single trial, the start and end of which were
signaled to the subjects by simultaneously
presented visual and auditory cues. The
duration of 15 seconds was chosen to allow
enough time to collect 5 repetitions for the
sentence tasks (see Table 1} and at least
1O repetitions for the single word tasks, but
not be too long for a subject to repeat the
tasks on a single breath. Four seconds
before the start of a trial, the task
description (for non-speech tasks} or letter
string (for speech tasks} was presented on
a computer screen. In addition, 2 seconds
into this preparation interval, a message
appeared on the screen reminding the
subject to take a deep breath before the
onset of the task.
Surface electromyographic (EMG) and
electromagnetic midsagittal articulography
(EMMA) measurements were made at
Baseline 1 (1 week before the start of the
training period) and Baseline 2 (one day
before the start of the training period).

We also took baseline measurements for
the Linebaugh tests at these sessions.
Within two days following the completion of
the program we measured EMG + EMMA
data for the Post session. We took two
baseline measures, since we know from
recent work that when measured at different
points in time, subjects may show variations
in individual kinematic measures (Alfonso &
van Lieshout, 1997). The two baseline
sessions would allow us to monitor these
changes and compare them to changes that
occur after completion of the training
program. During the 8-week training period,
subjects did not see or practice any of the
tasks used during the EMG + EMMA
sessions, with exception of the Facial-Flex
task itself. At the beginning of the first
baseline session, subjects were familiarized
with the device; to this end, they were
shown an instructional video provided by
the Facial Concepts Company, and given
verbal instructions on the use of the device.
However, they did not receive the device
until the end of the second baseline
session, to prevent them from exercising
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before the start of the training period.

Training-period The training period lasted
for 8 weeks. During this time, the subjects
used the Facial-Flex device with a constant
resistance of 6 oz. according to
recommendations in the literature (Grove et
al. , 1994). Subjects were asked to maintain
a steady pace of one exercise cycle (closing
+ opening movement) per second during
training. Furthermore, they were required to
do 50 repetitions twice a day (morning and
evening), every day. Both the resistance
and the number of exercises were kept
constant to ensure that all subjects were
exposed to the same amount of training (cf.
Robertson, 2001 ). They were also asked to
keep a detailed log of their exercises and
experiences. At the end of each week
during this 8-week period, subjects came to
the lab to provide feedback on their
progress and to perform the Linebaugh
tests. The information specified in the logs,
as well as the weekly personal accounts
confirmed that all subjects performed the
exercises in agreement with the
requirements as stated above. The
Linebaugh tests were carried out using a 16
oz. resistance (2 dental elastics of 8 oz.
combined). This amount was chosen
because pilot testing showed that our
subjects would easily max out on lower
resistance values (the standard for these
tests is 12 oz., cf. Grove et al., 1994).
Subjects continued until they felt tired or
discomfort, whichever came first. Normally,
the tests are performed within a standard
time frame of 2 minutes, but such a time
restriction was too easy for our subjects. At
each weekly session, the dental elastics of
their device were replaced to prevent
material wear out effects on the resistance
offered to lip movements.
Instrumentation
EMG recordings were made with 10 mm
(contact area 2 mm) Ag/AgCI surface
electrodes (Gerionics), connected to low
noise medical isolation amplifiers (lntronics
IA296) and analogue filters (low pass at
1000 Hz, high pass at 10 Hz, and a notch
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filter at 60 Hz). The electrodes were
positioned 1.5 cm to the left and right of the
midsagittal line of the upper lip (UL) and
lower lip (LL) at the vermilion border (cf.
van Lieshout, Starkweather, Hulstijn, &
Peters, 1995). EMG signals were digitized
at 2000 Hz.
Upper lip (UL), lower lip (LL) , tongue,
and jaw positions were collected using the
Electromagnetic Midsagittal Articulograph or
EMMA system (AG100, Carstens
Medizinelektronik GmbH, Germany). Sensor
positions were sampled at a rate of 400 Hz.
The UL and LL receivers were plae;ed in the
midsagittal line at the vermilion border. The
tongue receivers were placed 1 cm behind
the tongue tip (blade) and 3 cm behind that
position (mid-tongue), and a third coil was
placed as far back as possible on the
surface of the tongue (tongue-back). The
jaw receiver was placed on a custom-made
thermo-plastic mould that was attached to
the lower incisors in the midsagittal line.
Head position reference coils were placed
at the gums of the upper incisors, and the
bridge of the nose. Before the start of an
experimental session we collected data on
the occlusal plane for each subject, using a
custom made device with two receivers
spaced 3 cm apart. These reference
positions were used to rotate all data with
respect to a standard X-axis as defined by
the subject's occlusal plane (Westbury,
1994). Lower lip signals were corrected for
jaw movements using an estimate of jaw
rotation based on the principal component
of the mandible sensor coil trajectory for
each trial (Westbury, McClean, & Lindstrom,
2000). In this paper, we will focus on lower
lip movements corrected for jaw influences
using the method described above. Further
details can be found elsewhere (van
Lieshout and Moussa, 2000; van Lieshout,
Rutjens, & Spauwen, 2002). Acoustic data
were collected simultaneously with EMMA
data using a sampling rate of 16,000 Hz. All
further data processing was done in Matlab,
version 5.3 (The MathWorks, Inc.).

Dependent variables
EMG The raw EMG signals were rectified,
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down sampled to 100 Hz (after appropriate
filtering), and processed using a moving
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performances within a trial. In addition,
average IEMG amplitude was calculated as
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Figure 3. Raw EMG Upper Up (upper panel) and Lower Up (second panel) and the integral of the rectified EMG over a
time inteNal of 400 msec (IEMG) for both lips (third and fourth panel) for subject M2 while performing the FFT task.
Markers in the third panel indicate peak IEMG values for UL (triangle) and LL (star). The horizontal line in the fourth
panel indicates the baseline activity threshold used to calculate average IEMG across the whole trial. The vertical line
indicates onset IEMG for UL and LL for the second repetition of the task.

average window of 40 ms. From this signal,
a 300 ms segment was selected from either
the initial or final part of the trial, depending
on which part showed EMG baseline
activity2. For this interval, an average EMG
level and standard deviation (SDn) was
calculated; these values were used to
define a threshold (= average baseline level
+ 1 SDn). Finally, a peak-picking algorithm
was used to find peak amplitudes in the
IEMG as related to the individual task
2

Baseline activity is defined as minimal EMG

activity corresponding to a resting position of the lips

(cf. Schievano et al, 1999).

defined by the average signal amplitude
above the calculated threshold for a given
trial. Figure 3 shows an example of both
raw EMG and IEMG signals. In the latter,
the markers indicate peak values for UL and
LL. In this report, the focus will be on the
peak IEMG amplitudes, but the average
IEMG amplitudes showed a similar pattern.
IEMG peak values were normalized with
respect to the average peak values found
for the Facial-Flex task using a 16 oz.
resistance (Task 2 in Table 1). This is in line
with current standards in EMG research
where "the EMG should be normalized[... ],
i.e., expressed in relation to a reference
value obtained during standardized and
reproducible conditions" (Burden & Bartlett,
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1999, p. 247). It is also the same method
used by Kuehn and Moon (1994) to
normalize their raw EMG values. For this
amount of resistance, subjects in this study
theoretically had to produce a force of
almost 8 N at maximum deflection (see
Figure 2). Findings on inter-angle force (i.e.,
resultant force sampled between the
comers of the mouth perpendicular to the
midsagittal plane) indicate that such force
levels are below the absolute maximum
levels people potentially can generate at
these interangle distances, but still much
higher than typically found for speech and
non-speech tasks (Barlow & Muller, 1991 ).
Correspondingly, for each subject none of
the EMG values during any other task
exceeded the values found for the FacialFlex task at the 16 oz. resistance.

EMMA- Individual movements
Movement data were smoothed with an 11point triangular filter (effective low pass
frequency 27.5 Hz) before data processing.
All movement signals were band-pass
filtered between 0.1 Hz (removing slow
varying drifts) and 6 Hz (all relevant
frequencies were found below this cut-off
point) using a 7 th-order Hamming window
Butterworth filter. Using upper and lower lip
position and velocity signals, we calculated
the following kinematic measures, separate
for upper lip and lower lip:
1. Movement amplitude (in mm): the range
of movement between onset and offset
of lip closing and opening [AMP]
2. Peak velocity (in mmls): the maximum
velocity achieved during lip closing and
opening [PVEL]
3. Movement duration (in msec): the
duration of lip closing and opening
[DUR]
4. Normalized Time to peak velocity or
Velocity Profile Symmetry index (in %):
the interval between movement onset
and the temporal location of the peak in
the velocity profile nonnalized for
movement duration [VPS]
These measures are routinely used in
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speech motor research (e.g., see Munhall,
Ostry, & Parush, 1985; Van Lieshout, &
Moussa, 2000) and provide a basic
description of movement characteristics. In
this study, we only focused on lip closing
movements for two reasons. First, in
reiterative tasks the differences between
opening and closing movement are small
(van Lieshout & Moussa, 2000). Second,
closing movements are more sensitive to
the effects of this type of muscle training, in
the way they require Orbirularis Oris muscle
activation (McClean & Clay, 1995).
The onset and offset of closing and opening
movements are derived from automated
peak-picking algorithms that detect peaks
and valleys in the position and velocity
signals using relative amplitude (proportion
of maximum amplitude) and time (minimum
interval between successive events) criteria.
The parameters for the criteria were
detennined by calrulating a cyclic spatiotemporal index or STI (cf. Smith, Goffman,
Zelanznik, Ying & McGillen, 1995) with
different parameter combinations. For each
parameter combination, individual cycles
(as defined by the peaks and valleys in the
signal) were amplitude and time nonnalized
and aligned with each other. Separate
standard deviations for the overlapping
segments are then computed at 2%
intervals in relative time, the sum of which
defines cSTI. This index provides a
measure for the unifonnity of a cyclic
movement pattern. The computer selected
the amplitude and time parameter
combination that generated the lowest cyclic
STI values. These values were used as a
separate variable on movement stability
(see van Lieshout et al., 2002, for more
details).

EMMA- Inter-lip coordination patterns
In order to quantify the nature and stability
of inter-lip coordination before and after the
training period we calrulated continuous
estimates of relative phase [PHI] and withintrial standard deviations of relative phase
[SD PHI]. Relative phase reflects underlying
(relatively) stable states in coordination as
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well as qualitative changes in these states
without being influenced by ongoing
transient changes in movement durations
(Saltzman, Lofqvist, Kay, Kinsella-Shaw, &
Rubin, 1998; van Lieshout et al., 2002). For
the relative phase analysis, positive position
and velocity signals of the upper lip and
lower lip were amplitude normalized
between O and 1; negative values were
normalized between O and-1. From the
normalized position and velocity functions,
we calculated phase-time functions. Finally,
relative phase values were derived by
subtracting individual phase-time functions
of upper and lower lip (Kelso et al., 1986;
van Lieshout et al., 2002).
Data Analysis
IEMG and EMMA data were used to
evaluate the effects of the 8-week training
period using the Facial-Flex device. Given
the small number of subjects, we performed
separate analyses of variance for each
subjed, testing the effects of SESSION
(Baseline 1, Baseline 2, & Post), TASK
(non-speech & speech), and LIP (upper lip,
lower lip) on the dependent variables as
described above. When a significant main
effect was found for SESSION, we used a
Tukey-Kramer Multiple Comparison Test to
test for differences between individual
sessions. With a Bonferroni correction
based on 8 individual tests per subjed, the
conservative level of significance is
p < 0.006. However, to allow the reader a
more tolerant inspection of potential
relevant differences at or below the noncorrected level of significance (p < 0.05), Fvalues will be marked with non-corrected
indices in the appropriate table, showing
corrected significance values in bold.

Originally, we wanted to include all tasks for
the TASK fador, but some tasks showed
very little IEMG activity, so we had to select
certain nonspeech and speech tasks for the
IEMG comparisons. Specifically, we
selected for the non-speech TASK category
(normalized) peak IEMG values from tasks
1, 5, 6, and 7 as listed in Table 1. For the
speech TASK category, we averaged
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across the same number of tasks specifically, tasks 8, 10, 11, and 12 (Table
1). For subject M1 no upper lip EMG data
was obtained, since his moustache
interfered with the attachment of surface
EMG electrodes.
For the kinematic and relative phase data,
we selected tasks based on signal quality
for upper and lower lip movements. For
some of the nonspeech tasks, signals were
extremely small and noisy, which forced us
to exclude certain tasks used for statistical
analysis. Specifically, we selected tasks 2,
5, and 7 for the nonspeech TASK category,
whereas we were able to use a larger
number of tasks for the speech TASK
category (11, 12, 13, 15, 16, & 17). All
analyses of variance were performed with
the statistical software package NCSS
(Hintze, 1998).
RESULTS
Linebaugh testing
Figure 4 shows the results (both individual
and group mean data) for the four subjeds
on the Linebaugh tests. The inset shows the
percentage change between the average
baseline values and the values after 8
weeks of training.

A number of observations can be made.
First, the two separate baseline measures
indicate a stable baseline across time (one
week apart) for both tests. Once the training
started, subjects showed on average a
stronger relative improvement (from
average baseline to week 8) in the repetition
task (Mean= 731.5 %) as compared to the
compression task (Mean= 377.8 %).
Individual differences are evident. For both
tests, M1 showed the strongest relative
performance increase, followed by F1, F2,
and finally, M2. The latter subjed only
showed a relatively small improvement on
both tests. Obviously, requiring subjects to
perform these tests until they feel tired
might result in different individual subjective
perceptions of ''tiredness". This could clearly
have influenced their performance on these
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Figure 4. Unebaugh tests results (repetition + compression). For subject F2 there were no Baseline 1 data on both
tests. Inset shows percentage difference between the average value for the baseline sessions and the last session at
week 8. (See text for more details)

tests. Still, in general all subjects showed
improvement compared to their baseline
performance, underscoring the statements
from the subjects' logs and personal
descriptions that they were committed to the
prescribed exercise regime.

IEMG-normalized peak values
Table 2 shows the means and standard
deviations for the normalized peak IEMG
values. Table 3 shows a summary of the
ANOVA results for all dependent variables,
with non-corrected significant p-values
indicated by symbols (* p s 0.05; ** p s
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Subject SESSION TASK UP

F1

BL1

BL2

POST

F2

BL1

BL2

POST

NS

LL
UL
SP LL
UL
NS LL
UL
SP LL
UL
NS LL
UL
SP LL
UL
NS LL
UL
SP LL
UL
NS LL
UL
SP LL
UL
NS LL
UL
SP LL
UL

IEMG
[% FFT]
41.38
54.20
29.12
40.12
66.18
64.58
26.46
34.75
70.12
88.83
48.83
63.37
60.30
46.25
23.55
25.82
49.40
48.99
17.64
22.25
62.69
60.20
23.99
25.41

60

SD IEMG Subject SESSION TASK LIP sEMG SDsEMG
[% FFT]
BL1
NS LL 53.44
24.40 M1
22.85
19.45
UL
SP LL 9.76
15.41
4.62
11.65
UL
15.43
BL2
NS LL 51.85
2.68
11.65
UL
SP LL 15.68
12.31
11.79
18.12
UL
24.86
POST
NS LL 56.91
11.74
10.05
UL
30.28
SP LL 11.76
5.39
19.17
UL
12.54 M2
BL1
NS LL 68.19
32.82
19.01
UL 55.67
20.57
14.94
SP LL 24.75
6.72
4.80
UL 24.04
10.89
13.45
NS LL 56.81
BL2
13.97
12.01
UL 60.16
8.15
SP LL 34.25
11.09
10.67
3.22
UL 25.74
3.84
NS LL 78.16
22.34
POST
22.85
12.61
UL 66.37
9.98
13.05
SP LL 30.09
2.86
3.57
UL 16.53
7.49

Table 2. SESSION (Baseline 1 = BL 1; Baseline 2 = BL2; & POST) by TASK (Non-speech = NS; Speech = SP) by LIP (Upper
Up = UL; Lower Up = LL) means and standard deviations (SD) for normalized peak IEMG values (% of FFT@ 16 oz.). See
text for details.

0.01; *** p s 0.001), and Bonferroni
corrected significant p-values (p s 0.006)
indicated in bold.
Subject F1 showed a significant main effect
for session, which was based on a
significant higher IEMG peak value at the
POST session, compared to each of the two
baseline sessions (see Figure 5). She also
showed a main effect for TASK, indicating
significantly lower IEMG values overall for
the speech tasks compared to the
nonspeech tasks. No other comparisons
were found to be significant for this subject.
The situation was quite different for the
other three subjects, who did not show a
significant SESSION effect. This means that
despite an 8-week training period with the
Facial-Flex device, their normalized EMG
activity did not show any systematic change
towards higher values. All three subjeds did
show a significant main effect for TASK,

which similar to subject F1, indicated on
average lower peak IEMG values for the
speech tasks, compared to the nonspeech
tasks. It is also interesting to note that none
of the subjects showed a significant effect
for LIP, meaning that for normalized peak
IEMG values, both lips show on average
comparable values. Had we compared raw
EMG values, lower lip IEMG would most
likely have shown more activity than the
upper lip (cf. Van Lieshout et al., 1993), but
once normalized for their activity at a
maximum voluntary contraction task (in this
case the FFT task at a 16 oz. resistance),
these differences disappear. Each lip seems
to operate at a comparable range of its own
potential muscle output, depending on the
type of task. Across the four subjects, the
upper lip shows an average normalized
peak IEMG activity of around 61% on
nonspeech tasks and 31 % for speech tasks,
whereas the lower lip shows 60% for the
nonspeech tasks and around 25% for the

International Journal ofOro facial Myology

Volume XXVIII

speech tasks. These TASK differences for
lip IEMG activity are very similar to the
findings reported on speech versus
nonspeech task differences in levator
muscle activity (Kuehn, & Moon, 1994).

which indicated that after 8 weeks of
training with the Facial-Flex device, her lip
movements were larger and with higher
peak velocities compared to each of the two
baseline sessions (see Figure 6). She also
showed significant TASK effects for peak
velocity, cSTI and VPS, with trends (p < .05)
for movement duration and amplitude. In
general, lip movements for speech tasks
proved to be larger, faster, less variable,
and more asymmetric compared to the
nonspeech tasks (see Table 4).
There were also main effects for LIP

Kinematic data - individual movements
Table 4 shows the means and standard
deviations for the kinematic data. The
results of the ANOVA comparisons are
listed in Table 3.
Subject F1 showed a significant amplitude
and peak velocity SESSION effect, both of

Fl

IBMG
AMP

PVEL
DUR
CSTI
VPS
PHI
SDPHI

IBMG
AMP

PVEL
DUR
CSTI
VPS
PHI
SDPHI

Fl

SESSION
df(2,36)
6.53**
d/(2,42)
6.68**
5.79**
1.15

TASK
df(l,36)
14.52***
d/(1,42)
5.36*
10.36**
7.64**

LIP
d/(1,36)
2.90#
d/(1,42)
22.12***
23.67***
2.42

SESSION
d/(2,30)
0.98
d/(2,42)
0.77
1.84
0.29

TASK
df(l,30)
40.41***
d/(1,42)
8.35**
33.33***
25.57***

LIP
d/(1,30)
0.08
d/(1,42)
63.19***
76.26***
4.56*

2.36
0.29
df(2,21)
3.99*
0.31

56.67***
13.51***
df(l,21)
0.77
7.64*
Ml
TASK
df(l,18)
54.72***
df(l,42)
2.68
12.10**
46.02***
30.95***

0.36
1.43

2.67"
2.1
d/(2,21)
1.02
5.35*

1.61
11.28**

SESSION
df(2,36)
0.31
df(2,42)
0.39
0.09
7.49**
1.14

13.79**
1.29
df(l,21)
0.02
10.71**
M2
TASK
df(l,36)
57.90***
df(l,42)
14.17***
61.58***
10.64**
35.50***

0.5
d/(2,21)
0.23
1.82

8.63**
df(l,21)
0.58
0.11

SESSION
df(2,18)
0.09
d/(2,42)
14.48***
16.08***
4.27*
1.37
11

3.04
d/(2,21)
1.45
0.46

14.92***
df(l,21)
4.75*
0.69

61

LIP

d/(1,42)
0.3
1.32
2.36
4.24*
0.86

LIP
d/(1,36)
2.09
d/(1,42)
16.56***
40.65***
0.01
0.08
0.5

Table 3. Summary of ANO VA results for all dependent variables, with tests for main effects of SESSION (Baseline 1 = BL 1;
Baseline 2 = BL2; & POST), TASK (Non-speech = NS; Speech = SP) and LIP (Upper lip = UL; Lower lip = LL). Non-co"ected
significant p-values are indicated by symbols (" p s 0. 05; ** p s 0. 01; •- p s 0. 001 ), and Bonferroni corrected significant pvalues (p s0.006) are indicated in bold. Interaction effects are discussed in text
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increase in movement duration was already
present in the second baseline session (see
Table 4). Subject M1 showed significant
SESSION main effects for amplitude and
peak velocity. For both variables, the value
at the POST session was smaller compared
to the baseline values, however, only for
peak velocity the POST value was actually
significantly smaller compared to both. For
amplitude, it was the value at baseline 2
that proved to be significantly higher
compared to the other two sessions,

showing significantly larger and faster
movements for the lower lip compared to
the upper lip (see Table 4). For amplitude
(F(1,42) = 10.56, p < 0.003) and peak
velocity (F(1,42) = 13.12, p < 0.001), there
was a significant interaction between the
TASK and LIP factors, which indicated that
the larger amplitude and higher peak
velocities found for speech tasks were only
seen for the lower lip data. Other test results
did not reach the corrected p-value for this
subject.

75.0

65.0

I=

u.
u.

~
...._.
(!)
~

55.0

w

45.0

35.0+-------,--------------r------bl1

bl2

post

SESSION

Figure 5. Mean (and standard errors) SESSION values for normalized peak
IEMG across both lips for subject F1.
The SESSION effects for the other subjects
were mixed. Subject F2 showed no
significant SESSION effect, but subject M2
showed a significant increase in movement
duration after 8 weeks of training. Post-hoc
tests revealed that only the difference
between the first baseline and the POST
session was significant, since a slight

whereas the baseline 1 and POST session
values did not differ. In any case, this effect
was clearly opposite to the SESSION
effects found for subject F1. Subject M1
also showed an increase in movement
duration for the POST session, similar to
subject M2, but the effect did not reach the
corrected p-value (Table 3).
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velocity {PVELJ across both lips for subject F1
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Subject SESSION TASK UP AMP SD AMP PVEL SDPVEL DUR SD DUR
VPS
SD VPS CSTI SD CSTI
[mm)
[mrnls]
[msec]
[% to PVJ
[a.u.J
NS LL 1.98
0.69
12.21
6.23
483.53 121.83
39.37
F1
14.63 33.67
BL1
0.34

SP

BL2

NS
SP

POST

NS
SP

F2

BL1

NS
SP

BL2

NS
SP

POST

NS
SP

M1

BL1

NS
SP

BL2

NS
SP

POST

M2

BL1

NS
SP

u

NS

UL
LL
UL

SP

BL2

NS
SP

POST

UL
LL
UL
LL
UL
LL
UL
LL
UL
LL
UL
LL
UL
LL
UL
LL
UL
LL
UL
LL
UL
LL
UL
LL
UL
LL
UL
LL
UL
LL
UL
LL
UL

NS
SP

u

UL
LL
UL
LL
UL
LL
UL
LL
UL

2.01
8.37
3.19
4.02
3.19
7.87
2.23
8.44
5.63
12.02
3.08
3.07
3.53
5.27
3.08
5.63
8.38
5.12
3.37
2.20
3.94
2.77
3.11
4.42
2.18
7.57
2.00
4.81
1.81
6.67
1.46
4.87
1.75
8.82
2.55
1.78
2.14
8.66
5.95
4.72
3.05
9.18
3.49
6.41
4.10
8.28
2.82

0.83
2.61
0.82
3.48
0.55
2.08
0.41
5.48
2.88
4.37
0.75
2.70
1.16
0.71
0.66
2.60
2.21
0.68
0.66
1.47
1.22
0.38
0.45
3.08
0.98
1.67
0.41
3.09
0.53
1.28
0.35
2.90
0.80
2.07
0.46
0.37
0.82
1.63
2.96
3.73
0.98
2.07
1.05
5.10
2.40
1.50
0.56

14.07
82.79
25.85
29.31
23.81
70.40
21.16
68.37
42.36
120.02
23.59
21.31
21.00
60.26
32.18
41.81
53.33
55.02
38.04
12.34
20.49
28.26
29.78
26.99
14.24
68.48
19.87
29.07
12.35
53.82
14.37
33.54
10.92
78.13
22.12
12.31
15.01
95.21
53.58
34.60
22.97
98.32
30.73
40.95
24.58
87.32
26.15

4.92
23.46
4.98
27.25
7.94
25.57
4.54
52.75
23.92
44.05
4.25
19.98
11.00
9.45
7.62
20.95
21.03
7.78
7.17
7.42
4.23
4.48
422
21.06
6.83
14.69
3.72
20.80
1.82
6.85
1.80
17.09
3.06
16.58
3.02
2.06
2.38
14.63
20.83
30.11
6.68
16.42
7.03
31.33
12.49
12.96
3.76

=

509.78
300.96
329.85
304.96
539.80
284.68
228.97
407.40
603.23
332.19
431.22
414.63
615.02
'207.07
255.38
388.35
564.64
203.55
173.49
667.23
715.61
302.78
295.66
571.57
471.08
228.69
243.04
679.58
390.13
330.69
268.90
509.73
390.53
329.68
356.02
365.91
276.29
19624
316.'20
293.91
402.71
293.95
360.61
852.05
638.17
317.51
302.49

9126
268.62
181.32
117.15
240.72
155.73
56.18
163.53
205.84
164.08
169.86
149.36
23.92
74.94
9325
65.45
252.04
50.46
23.70
310.32
290.61
164.12
9126
222.05
96.00
51.34
106.22
276.31
159.14
121.20
97.08
107.76
79.04
104.68
76.57
141.35
106.44
106.87
123.58
4722
233.30
158.80
209.52
250.66
156.51
207.28
108.05

60.97
61.30
59.68
49.26
57.17
67.41
58.50
45.92
51.67
67.46
68.11
52.50
60.56
62.82
68.41
44.36
43.80
57.51
58.38
48.04
51.32
65.40
67.10
52.17
74.27
57.06

6022
38.57
65.22
59.99
49.53
39.91
62.82
65.01
61.82
65.75
51.44
59.96
60.06
52.10
51.06
65.81
67.88
47.10
42.16
64.79
65.15

11.05 28.42
9.16 13.22
15.27 16.44
11.23 27.83
1.65 33.15
15.07 14.03
3.77 17.34
3.00 25.44
6.27 24.38
6.06
11.49
14.19 12.91
10.75 34.56
9.75 26.70
8.08 13.82
9.31
1327
18.69 23.59
13.58 21.05
820 15.68
3.52 13.53
7.04 26.33
15.67 19.07
12.92 17.07
7.68 13.62
4.81
30.54
11.02 22.52
5.07 17.62
12.58 23.97
6.88 22.37
11.82 25.13
9.46 14.40
5.97 17.41
7.66 27.61
11.66 33.13
8.87 17.74
11.10 23.91
18.57 37.67
1.89 30.97
7.76 12.72
17.59 16.79
10.32 29.18
13.09 26.35
11.73 15.05
12.74 16.66
13.17 26.86
13.42 2323
15.15 13.86
9.61
17.56

=

5.49
3.85
3.14
13.22
4.95
7.03
4.56
8.60
725
2.99
5.76
3.72
10.00
7.40
3.75
8.12
3.71
8.04
4.55
4.38
5.16
525
326
7.01
6.61
5.33
3.72
3.78
5.93
7.49
6.59
8.40
4.88
6.54
7.68
2.15
2.97
5.59
6.36
9.01
10.96
9.17

627
821
1.60
7.30
6.88

=

Table 4. SESSION (Base/me 1 = BL 1; Base/me 2 BL2; & POST) by TASK (Non-speech NS; Speech
SP) by LIP (Upper Up = UL; Lower Up = LL) means and standard deviations (SD) for kinematic variables
(see text for details).

As for subject F1, TASK main effects were
significant for the other three subjects in
various kinematic variables. Speech
movements in general were larger (except
for M1), faster, shorter in duration, less
variable, and more asymmetric (except for
F2). In short, these TASK effects seem to
replicate the TASK effects for F1 and

convey a robust finding about kinematic
differences between nonspeech and speech
tasks (cf. Kuehn, & Moon, 1994).
Differences between upper lip and lower lip
were evident for subjects F2 and M2, both
showing larger and faster lower lip
movements, similar to F1. For subject F2,
the lower lip also showed a more
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symmetrical velocity profile. Subject M1
showed no significant LIP effects, only a
trend for slightly more variable lower lip
movements (Table 3). Subject M2 showed
an interaction between TASK and LIP with a

Pm

with most of the increase in both variables
for speech tasks seen in the lower lip.
Subject M 1 also showed an interaction
between both factors for peak velocity
(F(1,42) = 8.92, p < 0.005), but not for
amplitude. Subject F2 did not show a main

SDPm sd Pm SD sd Pm

[deg]

Fl

BLJ

F2

[deg]

NS 199.06 68.24

44.71

22.11

SP 177.69 13.78

31.37

10.58

NS 139.60 87.77

42.06

22.19

SP 176.58

13.67

22.01

9.25

POST NS 227.33

82.63

43.80

26.92

SP 177.21

10.92

25.24

9.97

NS 183.60 91.55

48.99

13.91

SP 169.85

11.14

24.22

10.78

NS 180.15

64.82

51.22

16.46

SP 193.92 38.61

49.75

17.04

55.64
43.72
42.37
23.73
30.20
29.02
37.23
38.92
42.92
44.20
35.54
39.40
30.40
30.83

9.79
17.77
19.48
13.27
21.73
18.52
22.40
18.75
14.35

BL2

BLJ
BL2

POST NS 194.82 112.12
SP 191.06 23.44
Ml BLJ NS 185.49 57.86
SP 167.52 14.74
BL2 NS 230.25 94.85
SP 176.77 19.53
POST NS 200.77 53.06
SP 186.48 22.30
M2 BLJ NS 165.99 27.55
SP 171.58 27.87
BL2 NS 167.29 18.58
SP 174.12 23.15
POST NS 172.48 20.89
SP 177.52 13.23

=

=
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14.84

20.32
14.77
17.51
14.05

Table 6. SESSION (Base/me 1 BL1; Base/me 2 BL2; & POST) by TASK (Non-speech= NS; Speech= SP) by
LIP {Upper Up = UL; Lower Up = LL) means and standard deviations (SD) for relative phase variables (see text for
details).

trend for amplitude (F(1,42) = 5. 71, p <
0.05) and a significant effect for peak
velocity (F(1,42) = 22.34, p < 0.001 ). This
was similar to the findings for subject F1,

effect for VPS in comparing nonspeech with
speech tasks, but she did show an
interaction between TASK and LIP (F(1,42)
= 20.34, p < 0.001 ). For speech tasks, the
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velocity profiles of both lips became more
symmetrical, compared to the asymmetrical
profiles for both lips in the nonspeech tasks.
Other effects were not found to be
significant.

Kinematic data - lnterlip coupling
Table 5 shows the means and standard
deviations for the relative phase data. The
results of the ANOVA comparisons are
listed in Table 3.
None of the 4 subjects showed a significant
SESSION effect for either relative phase or
its within-trial variability. Subject F1 showed
a trend for higher relative phase values after
8 weeks of training, but post-hoc tests
revealed no significant differences between
any of the sessions. Subject F2 showed a
SESSION trend for the within-trial standard
deviations in relative phase, but post-hoc
tests revealed that this was based on lower
SD values of relative phase at baseline 1.
TASK effects were not found for relative
phase, except for a trend in subject M1 to
show lower relative phase values in speech
tasks. For the within-trial SD of relative
phase, we did find a significant main effect
for subjed F2, showing less variable
coordination patterns in the speech tasks.
This was paralleled in a trend found for
subject F1 for the same variable. No other
effects were found to be significant
DISCUSSION

To summarize the main findings, the data
showed that after an intensive 8-week
training period using the Facial-Flex device,
all subjects showed to some degree an
improvement on the Linebaugh
performance tests. This is normally taken as
an indication for increase in strength and
resistance to fatigue (cf. Grove et al., 1994).
However, in terms of physiological effects,
only one female subject (F1) showed an
expected increase in normalized muscle·
activity, which was paralleled in significant
increases in lip movement amplitudes and
peak velocities. The two male subjects
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showed no changes in normalized lip EMG
activity, but they did show an overall
increase in their lip movement durations
after the 8-week period. The remaining
female subject showed no training effect at
all. We also found clear evidence for task
related differences in ore-motor physiology,
as in general speech tasks were executed
with less muscle activity, greater
amplitudes, faster speeds (and shorter
durations), and less variable movement
cycles compared to the nonspeech tasks.
For two subjects (F1 and M2) these task
effects were most prominent for the lower
lip. Training effects were not evident for
either the nature or variability of the
coordination patterns between both lips.
The two female subjects showed some
evidence for less variable coordination
patterns in the speech tasks compared to
the nonspeech tasks.

With respect to subject F1, the findings from
the general performance tests and from the
physiological variables are in clear
agreement. The Linebaugh test results
indicate a steady improvement in both the
number of repetitions and the maximum
duration of holding the Facial Flex device in
a position at which the dental elastic is fully
stretched(= maximum resistance), although
the latter effect was not as clear as the
former. For this subject, the daily exercises
for an 8-week period resulted in higher
normalized EMG activity levels and
movement amplitudes and peak velocities.
Higher peak velocities are often associated
with higher EMG levels and taken as an
indication of physiological effort (McClean,
& Runyan, 2000). So, in this sense we
would argue that for subject F1 the exercise
program gave rise to a stronger
physiological effort in executing lip
movements for both speech and nonspeech
tasks. This is comparable to the findings
described by Kuehn and colleagues (Kuehn,
Moon, & Folkins, 1993; Kuehn, & Moon,
1994) who reported increased normalized
EMG levels for velar movements against
higher levels of resistance, which in their
case involved an increase in air pressure.
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For the other three subjects, the results
were very mixed and none of them showed
the same pattern of outcome as reported for
subject F1. The two male subjects varied
considerably in their results on the
Linebaugh tests, with M1 showing the
largest improvement and M2 showing the
least. However, in terms of their
physiological response to the exercise
program, both showed a very similar effed
in that their lip movements took longer to
complete, regardless of type of task. This is
a rather unexpected result, when compared
to findings reported in the literature on the
effects of strengthening exercises with
resped to movement speed and/or duration.
For example, a recent study (Kauranen,
Siira, & Vanharanta, 1998) with healthy
adult woman between 25 and 45 years
involved a 10-week muscle strength-training
program of the upper extremities. The
results showed an increase in muscle
activation, similar to the findings for lip
muscle activity for subject F1 in the present
study. However, Kauranen et al. also found
an increase in the speed of (relative simple)
motor functions like tapping. Likewise, data
from a (elbow extensor) musclestrengthening program also showed an
increase of muscle strength and an increase
in movement speed (Jaric, Ropret, Kukolj, &
Ilic, 1995). Finally, a study on the effects of
dynamic exercises against a constant load
of 30-40% of maximal muscle strength
reported an increase in muscle output and
(ballistic) movement speed (Van Cutsem,
Duchateau, & Hainaut, 1998). These
authors related the increase in muscle
contraction speed to changes in motor unit
activation timing, the occurrence of extra
motor interspike intervals (doublets) and an
enhanced maximal firing rate.
The present study replicates these findings
regarding increased muscle output for
strengthening exercises for one subjed
(F1), but none of the subjects showed faster
lip movements after training; on the
contrary, movement duration increased in
subjects M1 and M2. One possible reason
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for this unusual result may relate to the
speed of movements at which the FacialFlex exercise was performed. Subjects
practiced at a relatively slow rate (about 1
Hz per exercise cycle of stretching and
releasing the dental elastic) for 8 weeks in a
row, twice a day. It is possible that there
was some transfer of speed requirements
from the FFT task to other tasks using the
same muscles, even though the tasks used
in the EMG + EMMA sessions were not
practiced during the 8- week training period.
It is unclear whether the fact that this effect
only happened in the male subjects has any
significance. With only 2 subjects in each
group, we will not speculate on possible
gender differences in this respect. Further
studies with larger groups will have to
address this issue in more detail.
Regarding interlip coordination, it is
interesting to notice that despite the fact that
the subjects had pradiced between-lip
movements in a particular and consistent
manner for 8 weeks, this had no significant
effect on either the nature or stability of lip
coupling in other tasks. It is known from the
literature that after people have learned a
new type of coordination, this can influence
their pre-existing coordination patterns as
well (cf., Zanone & Kelso, 1992). If the
same principle can be applied to speech
motor control, our non-significant findings
could indicate that the way the lips are
moved during the exercise program is not
sufficiently different from normal lip
coordination as seen in our selection of
nonspeech and speech oro-motor tasks.
Thus, the dynamics of the system did not
require a change in the nature or stability of
the lip coupling for these latter tasks. Some
support for this claim comes from the
relative phase data for lip coordination
during the execution of the Facial-Flex task
with the 16 oz resistance. The average
(across subjects) relative phase value for
this task was 199.88 deg (SD= 84.43),
which falls within the ranges of values found
for the other nonspeech tasks (mean =
180.91 deg; SD= 64.56), and the speech
tasks (mean 178.38; SD 20.54). Of

=
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course, this FFT task differs from the FFT
task performed at home with only 6 oz of
resistance, but in terms of lip coordination
they are likely to be very similar if not
identical given the constraints implemented
by the layout of the device. Potentially, this
finding could mean that if patients with
speech disorders show aberrant lip
interactions during speech production, the
use of the Facial-Flex device might be
helpful in the way it could enforce a pattern
of coordination that falls within normal
ranges. Obviously, the potential benefit of
the Facial-Flex program to facilitate or
change movement coordination requires
further study in patient populations where lip
coordination is indeed effected.

Caveats with respect to training
outcomes
The results of this study on the outcomes of
an 8-week training period using the FacialFlex exercise have to be taken with some
caution. A number of issues need to be ·
addressed before any firm conclusions can
be drawn regarding the effectiveness of this
device.
First, the data are based on a small group of
normal speaking subjects and further testing
with larger groups of people with and
without speech disorders will be necessary
to replicate the present positive and
negative findings. However, it is clear from
the present findings that individual
differences will be prominent and have to be
taken into account, regardless whether
larger group comparisons would yield
stronger effects.
Second, as mentioned in the method
section, the device works with a fixed
distance between fully stretched and fully
relaxed dental elastic positions. However,
individuals differ in the anatomical layout of
their lip muscles, which in tum has an effed
on the muscle length - force output
relationship as defined by interangle span
(Barlow & Muller, 1991). This means that
given individual differences in actual muscle
length at a fixed stretched position of the
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Facial-Flex device, the effective force
generating capabilities for each subject at
the training resistance of 6 oz. were
potentially different For the three subjeds
in our study where training effeds were
minimal if not absent, the chosen resistance
of 6 oz. may not have provided a sufficient
"workout'. One way to control for individual
differences in muscle force generating
capabilities is to adually measure force
output from the lips (cf. Barlow, 1998) and
use that information to determine the
optimal resistance for a given subject. That
is, if the objective is to increase muscle
strength proper (see caveat #4). The
Linebaugh tests do not seem to provide a
good substitute for this kind of information.
For example, at the baseline sessions all
our subjects showed a very similar
performance (see Figure 4). In general, the
performance on endurance tasks as used in
the Linebaugh tests is not only determined
by physicaVphysiological fadors, but also,
and perhaps even more, by psychological
factors. For example, as already mentioned,
people might differ widely in their
willingness to continue with the test at
certain levels of discomfort or fatigue. We
think that an individualized approach using
more objective assessments of force output
might be a better way to optimize the effects
of training, and we are currently exploring
this aspect in a follow-up study with patients
with facial muscle weakness.
Third, there is no simple reliable way to
monitor the actual performance during the
home exercises. Even though we are
convinced based on the individual reports
and logs of our subjects that they performed
their exercises on a daily basis, we cannot
be sure they performed them in the way that
would guarantee the best outcome. This of
course is a problem for all home-based
exercise programs. In our view, the FacialFlex program requires regular monitoring by
clinicians to remind and help the clients in
using the device in an appropriate manner
and to keep them motivated. The weekly
visits to the lab by our subjects certainly
addressed both issues, and the logs as
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recommended by the Facial-Flex company
play a critical role in this respect.
Fourth, an increase in relative muscle
output may not always be the desired target
for orofacial therapy. For example, a recent
study describes how children with a habitual
open-mouth posture were treated with a
variety of orofacial exercises to induce less
EMG activity during a closed lip position in
order to promote nasal breathing
(Schievano, Rontani, & Berzin, 1999).
Another study used orofacial therapy to
improve facial mobility, not muscle strength
(Katsikitis & Pilowsky, 1995). Clearly,
depending on the nature of the disorder
(muscle weakness, rigidity, hypertension)
different treatment approaches are needed,
and this would include the potential use of
the Facial-Flex device. For example, a
recent paper suggests that the Facial-Flex
exercise may counteract the negative
effects of scarring tissue after lip surgery by
enhancing lip mobility (Zide et al., 2000). In
the latter case, the best approach is most
likely to keep the resistance low and to put
more emphasis on the rate and extension of
the lip movements. It is also important to be
aware of potential negative effects of
prolonged fatiguing exercises on articulator
control (e.g., Solomon, 2000) and avoid
such situations, in particular with patients
with neuromotor speech disorders.
Fifth, our study did not address the
maintenance of exercise effects. Most likely,
however, in order for these effects to
endure, training needs to be continued and
monitored on a regular basis (cf.,
Gommerman et al., 1995). What the most
effective exercise regime will be to sustain
training effects on the middle and long term
is unclear at the moment, but obviously, this
will depend on a number of factors, most of
which are related to individual
circumstances (role of spouses and other
family members) and health care
regulations to support follow-up visits (see
also Robertson, 2001, on some of these
issues).

69

Finally, our study only looked at lip data.
The effects of the Facial-Flex program on
other articulators have not yet been studied
explicitly. The study by Grove et al. (1994)
indicates global effects on facial
musculature, but this was related to facial
appearance (skin) and not to the actual
functioning of the muscles.

Effects of tasks
Although not a primary focus for this study,
a few words on TASK effects are in order.
Foremost, it is obvious that non-speech
tasks and speech tasks are very different in
terms of muscle activation and kinematic
behaviors. Non-speech tasks were found to
show relatively higher muscle outputs, to be
executed at a slower rate with smaller
movement amplitudes, and to have more
variable movement cycles compared to
speech tasks. Such qualitative differences
between both categories of tasks are also
noted in the literature (e.g., Kuehn & Moon,
1994). As shown in the movement duration
data for two subjects in this study, there is a
potential for transfer of some of the FacialFlex task characteristics to other tasks. The
success of transfer of certain motor
characteristics to a particular task as a
whole depends on a number of factors (e.g.,
Schmidt, 1988), and these need to be
critically assessed and addressed in light of
the targets for a particular intervention (cf.
Ruscello, 1995 for a similar discussion on
the role of appliances in the treatment of
phonological disorders). Otherwise, results
may be less than satisfactory to both client
and therapist. In general, the use of
nonspeech tasks to improve speech
function needs to be carefully evaluated (cf.,
Duffy, 1995), but not discarded a-priori
without a better understanding of the control
mechanisms underlying both.

CONCLUSIONS
Based on the IEMG and kinematic data
from four subjects with no history of muscle
weakness who used the Facial-Flex device
with a fixed resistance (6 oz.) twice a day
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for 8 weeks, it was found that on average,
their performance improved on the
Linebaugh tests. This confirms earlier
reports on the effects of using this device.
The purpose of this study was to find a
physiological underpinning for the effects of
this exercise program and to compare these
results to the general performance data
from the Linebaugh tests. In general, one
subject showed a clear match to her
Linebaugh test results in making more
effortful lip movements after training as
indicated in increased normalized muscle
activity, movement amplitude and peak
velocity. The other subjects did not show
such an effect, but two of them did show an
increase in lip movement duration. In
general, for these subjects the
correspondence between Linebaugh test
results and physiological changes was
unclear. Speech and nonspeech task
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differences were significant and in line with
earlier findings. In the discussion of our
data, we highlight certain caveats as related
to this study and emphasize the need for
further studies with larger populations, in
particular regarding speech disorders.
However, given that, to our knowledge, no
published information on the physiological
effects of (mechanical) resistance exercises
with facial muscles exists, these data may
provide some useful information to
consumers and dinicians regarding
potential changes in muscle and kinematic
function for oral tasks. It is our opinion that
the device can have a place within the
scope of a broader treatment approach.
However, in light of our current
observations, we do not recommend its use
as a stand-alone training tool for the
remediation of complex oro-motor functions
in speech production.
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